Using computed thermography continuous temperature recordings were made before and after cold challenge of the fingers of control subjects and patients with primary Raynaud's phenomenon and Raynaud's phenomenon associated with systemic sclerosis. Basal skin temperature measurements (Tpre) were significantly lower in patients with primary Raynaud's phenomenon and Raynaud's phenomenon associated with systemic sclerosis than in the controls. Temperatures immediately after cold challenge (To) were significantly lower in patients with primary Raynaud's phenomenon and Raynaud's phenomenon associated with systemic sclerosis than in controls. The lag phase before the start of temperature recovery (Tiag) was significantly greater in patients with primary Raynaud's phenomenon and Raynaud's phenomenon associated with systemic sclerosis than in control subjects. The maximum recovery index (R%) was significantly less in patients with primary Raynaud's phenomenon and Raynaud's phenomenon associated with systemic sclerosis than in controls. The maximum rate of change of temperature during the rapid phase of rewarming (Gmax) was significantly greater in controls than in patients with primary Raynaud's phenomenon and Raynaud's phenomenon associated with systemic sclerosis. Discriminant analysis showed that the dynamic parameters of rewarming (Tiag, Gmax, and R%) showed greater variation between the patients with primary Raynaud's phenomenon and those with Raynaud's phenomenon associated with systemic sclerosis than did Tpre or To. This method of analysis of cold challenge will be used in studies ofthe effects oftreatment of Raynaud's phenomenon.
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In Raynaud's phenomenon there is episodic digital ischaemia with phasic colour changes on exposure to cold or emotional stress. Although the clinical appearances are well recognised it has proved difficult to quantify the changes in the microcirculation. Using modern techniques of thermography and computed image analysis it is possible to make continuous real time recordings of the rewarming curves of subjects after a cold challenge. We The temperature recovery curves (figure) following a cold challenge typically showed a lag phase when there was little alteration in temperature followed by a phase of rapid increase in temperature. In normal subjects the temperature usually exceeded the baseline temperature after th-e rapid rewarming phase but in patients with primary Raynaud's phenomenon and Raynaud's phenomenon associated with systemic sclerosis temperatures usually did not reach baseline values by 15 minutes after cold challenge.
For each subject the mean temperature decrease on cooling was measured. At 1, 5, 10, and 15 minutes after cold challenge an index of percentage recovery was calculated (index= (temperature increase/initial temperature decrease)x 100%). The maximum value of
Results
The mean basal temperature (Tpre) was lower in patients with primary Raynaud's phenomenon and Raynaud's phenomenon associated with systemic sclerosis than in controls (table 2). These differences were statistically significant. The mean basal temperature in patients with Raynaud's phenomenon associated with systemic sclerosis was not lower than that in patients with primary Raynaud's phenomenon. The absolute temperature immediately after cold challenge (To) was significantly higher in controls than in patients with primary Raynaud's phenomenon and Raynaud's phenomenon associated with systemic sclerosis; however, there was no difference in To between the patients with primary Raynaud's phenomenon and Raynaud's phenomenon associated with systemic sclerosis.
In controls there was a short lag phase and then a rapid recovery to above basal levels, reflected by the significant differences in Gm.,X, Tlag, and R., compared with the other groups.
In patients with primary Raynaud's phenomenon there was a longer lag phase with slower and incomplete temperature recovery. In patients with Raynaud's phenomenon associated with systemic sclerosis there was a prolonged period without rewarming with no definite phase.of rewarming, and often no significant recovery by 15 minutes. In these subjects the lag time was Table 2 Results of cold challenge in subjects studied Cold challenge has been reviewed elsewhere.3 There is no agreed protocol for cold challenge; however, the experimental conditions used in our study are similar to those widely used elsewhere.3 The environmental conditions for this study were chosen to be neither vasoconstrictive nor vasodilatory. The cold challenge (water bath at 15°C for one minute) used in this study was relatively mild but seems adequate for quantitative measurements of temperature recovery patterns. The severity of cold challenge in other studies varies from immersion in 'ice water',4 to challenge at 20'C.' The more severe challenges are unpleasant for patients and potentially dangerous for those with severe Raynaud's phenomenon.
It is well known that subjects with Raynaud's phenomenon have abnormal cold challenge recovery curves, with lower basal temperatures and slower recovery.3 Until now, however, no attempt has been made to use cold challenge to discriminate between patients with primary Raynaud's phenomenon and those with Raynaud's phenomenon associated with systemic sclerosis. As Raynaud's phenomenon is often the first presenting symptom of systemic sclerosis the ability to discriminate between patients with primary Raynaud's phenomenon and Raynaud's phenomenon associated with systemic sclerosis would be a significant clinical advantage. The aim of this study was to take the data from standard cold challenge and to identify objective and quantifiable parameters of the response curves which relate in some way to the pathophysiological processes and can be used to discriminate patients with primary Raynaud's phenomenon from those with Raynaud's phenomenon associated with systemic sclerosis. In normal subjects rewarming begins in the finger pulps with the opening of arteriovenous shunts; the rewarming effect spreads proximally to the palm. In subjects with Raynaud's phenomenon, however, rewarming often starts at the base of the fingers and spreads up to the tips of the fingers; hyperaemia of the finger tips often does not occur. In following the cold challenge response curves a typical pattern is seen (figure). After cold challenge there is often a lag period when the skin surface warms slowly, if at all. There is then a phase of more rapid temperature change before the final phase when skin rewarming has stopped. Most of the controls are hyperaemic in this final phase with a recovery index greater than 100%. In the Raynaud's phenomenon associated with systemic sclerosis group most subjects had relatively flat curves; however, some did show temperature recovery. We used a simple microcomputer program to quantify objectively those characteristics of the recovery curves. The interval before rewarming begins, Tiag, was significantly longer in patients with primary Raynaud's phenomenon than in controls. In many subjects with Raynaud's phenomenon associated with systemic sclerosis the rewarming was so slow that the lag time exceeded the length of the 15 minute study period. The rapid rewarming phase seen in most of the controls was also present in most, but not all, of the patients with primary Raynaud's phenomenon. This phase must correspond to a period of increased blood flow through the finger or a change in the distribution of that flow, either through the cutaneous microcirculation or through the deeper vessels with rewarming of the skin by conduction. Gmax was derived as a means of quantifying this aspect of the rewarming curve and so must relate indirectly to the rate and distribution of blood flow through the finger. The dynamic parameters reflect the characteristics of the individual rewarming curves and will be investigated as indicators of severity of disease and efficacy of treatment in future studies. The relation between Gmax and red cell flux through the microcirculation will be investigated by simultaneous thermography and laser Doppler studies.
